Experimental section

Photocatalytic reactions
Quantification of the photogenerated gases
The gases formed from the photocatalytic reaction were quantified by gas chromatography (GC) using an Agilent 6820 equipped with a Porapak Q. 80/100 Mesh column and argon as carrier gas. The generated gases were simultaneously analyzed with a thermal conductivity detector (TCD) and a flame ionization detector (FID).
Aliquots of 50 µL from the gas phase were removed from the reaction in intervals of 30 min and injected with a syringe containing a Hamilton sample lock valve. For calibration purposes, the standard gases H2, CO, CO2, CH4, C2H4, and C2H6 were purchased from White Martins.
Apparent quantum yield
The apparent quantum yield of the photocatalytic reaction was calculated considering the ratio between the H2 molecules formed and the number of absorbed photons. In order to measure the amount of photons emitted by the lamp at the wavelength of 254 nm, it was used the actinometry approach (see C. G. Hatchard and C. A. Parker, Proc. R. Soc. A, 1956, 235, 518-536; S. Ahmed, J. Photochem. Photobiol. A: Chem., 2004, 161, 151-154) . Initially, three identical solutions containing 3 mL of sodium acetate (1 moL/L), 3 mL of ortho-phenanthroline (0,1%), and 1 mL of ammonium fluoride (1 mol/L) were prepared in volumetric balloons of 50 mL 1, 2, and 3. All the balloons were covered with aluminum foil in order to keep the solutions in the absence of light.
To the balloon 1, 10 mL of potassium ferrioxalate was added to the solution and keep without exposure to light in order to use it as a blank solution.
In another procedure, 10 mL of potassium ferrioxalate was introduced into the reactor and it was exposed to the Xe lamp allowing only the irradiation at 254 ± 10 nm (FWHM Newport filter) during 60 s in order to reduce the Fe(III) to Fe (II). After, this irradiated solution was added and mixed with the previous solution presented into balloon 2. Then, the generated Fe(II) was quantified by the formation of a complex in the presence of ortho-phenanthroline, [Fe(phen)3] 2+ . To measure the apparent quantum yield, a typical photocatalytic solution containing the tantalum oxide NPs was prepared and irradiated with the 254 nm wavelength for 45 min. For calculation purposes, it was considered that all the photons that hit the NPs' surface were absorbed. After photolysis (45 min), the same procedure was repeated: 10 mL of potassium ferrioxalate was exposed to the Xe lamp at 254 nm during 60 s. This irradiated solution was added to the balloon 3 in order to verify if there is some variation in the emission of the photons by the lamp along the time.
At the end of these steps, it was performed the UV-Vis measurements of the solutions in balloons 1, 2, and 3. By using their absorbance, the flux of photons emitted at 254 nm can be calculated from equation 1: Using equations 1 and 2 it is possible to obtain the general equation 3:
. . Cl 2p 20.4 9.5 10.6 8.5
Characterization of the imidazolium tantalate ILs
a Ta2O5/IL NPs prepared from the system IL 1/water (2:2.5); b Ta2O5/IL NPs prepared from the system IL 2/water (2:2.5). IL/water initial molar ratio. 
General properties of the Ta2O5 NPs and their activity for hydrogen production
